In a polyomavirus-transformed rat cell line, designated LPT, the polyomavirus DNA is integrated into a single chromosomal site. Treatment of LPT cells with carcinogens induces amplification of the integrated virus DNA and flanking cellular sequences. We show that the amplification is arrested within a specific cell DNA segment that maps 1.3 to 1.85 kilobases beyond one virus-cell DNA junction, defined as-the left junction. We also present the sequence of an 897-base-pair fragment spanning the arrest site. This fragment contains an unusual sequence element, which consists of two contiguous components, a potential cruciform with stems of 6 base pairs and a d(G-A)27 d(T-C)27 tract, and maps 1,497 to 1,564 nucleotides beyond the left junction. The possibility that this unusual sequence plays a role in the arrest of the amplification process is discussed. (6, 18, 21) .
segment that maps 1.3 to 1.85 kilobases beyond one virus-cell DNA junction, defined as-the left junction. We also present the sequence of an 897-base-pair fragment spanning the arrest site. This fragment contains an unusual sequence element, which consists of two contiguous components, a potential cruciform with stems of 6 base pairs and a d(G-A)27 d(T-C)27 tract, and maps 1,497 to 1,564 nucleotides beyond the left junction. The possibility that this unusual sequence plays a role in the arrest of the amplification process is discussed.
Cells of the polyomavirus (Py)-transformed rat cell line LPT pontain multiple Py genomes integrated in tandem into a single chromosomal site (19) . Treatmnent of LPT cells with physical and chemical carcinogens induces amplification of the integrated Py DNA and flanking cellular sequences (6, 18, 21) .
We have previously reported experiments in which the extent of the amplified region (amplicon) was determined by a Southern blot analysis of DNAs from uninduced and induced LPT cells (1) . The hybridization probe used for the analysis was a cloned 0.95-kilobase (kb) fragment of cell DNA flanking one of the two virus-cell DNA junctions, defined as the left junction. These studies indicated that the amplification is arrested within a specific segment of the cell DNA that maps beyond the 0.95-kb probe (1) .
Here, we report the results of a Southern blot analysis of LPT DNA, in which two recently cloned hybridization probes derived from more distal regions of the flanking cell DNA were used in addition to the previously available probe. These experiments provided more rigorous proof of the existence of a sharp boundary between the flanking cell DNA, which is strongly amplified, and the more distal cell DNA, which is only slightly amplified. We also report the sequencing of a fragment extending through the boundary. We discovered in this fragment an unusual sequence element consisting of two components, a potential cruciform structure and a d(G-A)27 -d(T-C)27 tract. These components are contiguous, and both map within the boundary region. The possibility that this sequence element plays a role in the arrest of the amplification process is discussed. To induce amplification of the integrated Py DNA and flanking chromosomal sequences in LPT cells, the cells were treated with mitomycin C (MMC), which is the most effective inducing agent in this system (7) . To map the amplified flanking sequences, high-molecular-weight chromosomal DNAs were purified from the MMC-treated cells and from LPT cells that were not exposed to MMC. Samples of the two DNAs were digested with various restriction enzymes, and the digests were analyzed by Southern blotting (27) . The blots were hybridized with the three probes mentioned above.
A physical map of the left portion of the LPT amplicon, the map position of the previously available 0.95-kb probe, * Corresponding author. designated SCL2-1 (1, 22) , and the map positions of the two new probes, designated SCL7-2 and SCL7-3, are shown in Fig. 1 . Blots hybridized with each of the three probes are shown in Fig. 2 . Most of the fragments which hybridized with probe SCL2-1 were considerably amplified in the MMC-treated cells (e.g., compare the 0.33-and 0.63-kb fragments in lanes 1 and 2, the 0.96-kb fragments in lanes 3 and 4, and the 1.26-kb fragment in lanes 5 and 6). However, the 1.42-kb fragment (lanes 5 and 6) was only slightly amplified. On the other hand, all the fragments that hybridized with the more distal probes, SCL7-2 and SCL7-3, were amplified to a lesser degree or not at all (lanes 7 to 14). It should be noted that, unlike the rest of the fragments seen in these blots, which did not contain virus DNA, the 1.26-kb fragment (lanes 5 and 6) included both Py and flanking cell DNA. The 6.90-kb fragment (lanes 5 and 6) was derived from the homologous chromosome, in which the integration site is not occupied by virus DNA (22) . As expected, it was not amplified. It is also noteworthy that these blots, particularly the blots of the digests from the MMC-treated cells, contained smears of heterogeneous species in addition to the restriction fragments. These species could represent branched fragments derived from "onion skin" intermediates (1) .
Data of the type shown in Fig. 2 were used to estimate the degree of amplification of fragments that hybridized with the three probes, as described in the legend to Fig. 1 ; these estimates are shown in Fig. 1 as a function of the distances of the fragments from the left virus-cell DNA junction. The abundance of fragments whose lengths were smaller than 0.40 kb could not be reproducibly determined, presumably because their binding to the nitrocellulose filters was not reproducible. Therefore, data concerning such fragments were not included in Fig. 1 . The data shown in Fig. 1 indicate that the degree of amplification of fragments mapping next to the virus-cell DNA junction was almost 10-fold. In other experiments we found that the same region of DNA was amplified up to 25-fold. The degree of amplification of the Py DNA was even higher (1) . The data also indicate that there was a sharp drop in the amplification of fragments whose distal ends map further than 1.3 kb from the left junction. The fragments whose ends map 1.85 kb or nmore from the junction were amplified only slightly or not at all. We have previously noted that, whereas fragments whose two ends map within an amplified region are expected to be amplified, fragments that extend beyond the boundary of an amplified Fig. 2 . The fragments are depicted as horizontal bars with pointed tips at their distal ends. The bars were drawn on the same scale as the map, and their ends correspond to the sites of cleavage of the various restriction enzymes used to generate the fragments; these sites are indicated on the map. The three types of bars represent fragments hybridized with one of the three probes, SCL2-1 (_), SCL7-2 (. .), or SCL7-3 (a=). Quantitative estimations of fragment abundances were made by a comparison with the abundances of fragments of known concentrations that were electrophoresed in the same gels. In each instance, the amplification factor represents an average of at least two independent determinations of the ratio between the abundance of a fragment obtained from MMC-treated cells and the abundance of the same fragment obtained from uninduced cells (Fig. 2) . The standard deviations were calculated and found to be 10 to 30o of the observed values. Restriction enzyme sites are designated as follows: E, EcoRI; Ec, EcoRV; B, BglI; P, PstI; M, MspI; H, Hindlll; K, KpnI; X, XhoI; Bg, BglII; Pv, PvuII; Ba, BamHI. Ori, Origin of replication of Py (10) region are not expected to be amplified (1) . Therefore, the pattern of amplification of the various fragments shown in Fig. 1 indicates that the boundary of the strongly amplified DNA must reside within the region bounded in Fig. 1 by the two vertical arrows and designated the Ter region.
To examine the nature of the signal that causes the arrest of the amplification process, we sequenced a fragment of 897 base pairs (bp), including the Ter region. The sequencing strategy is shown in Fig. 3 , and the sequence of the fragment is shown in Fig. 4 . A most notable feature of the sequence is the presence of a d(G-A) 27 . d(T-C)27 tract, consisting of 27 repeats of the dinucleotide d(G-A) and its complement d(T-C) (Fig. 4) . Next to this tract, we identified inverted repeats consisting of one dG -dC base pair and five dA. dT base pairs (Fig. 4) . These inverted repeats are separated by 4 bp and may form a cruciform structure under appropriate conditions. Interestingly, there are two direct repeats of 6 bp which overlap with the inverted repeats. The d(G-A)27 d(T-C)27 tract and the adjacent repeat sequences map within the Ter region (Fig. 1) . Both strands of the 897-bp fragment contain open reading frames (ORFs) that span these sequence elements (see the legend to Fig. 4) .
There are two models that could account for the sharp drop in the amplification factor at the Ter region (Fig. 1) 13 and 14) . The digests were electrophoresed in 2% agarose gels. Blots prepared from these gels were hybridized with recombinant plasmids containing fragment SCL2-1 (lanes 1 to 6), SCL7-2 (lanes 7 to 10), or SCL7-3 (lanes 11 to 14), whose map positions are indicated in Fig. 1 . The arrows indicate the various fragments identified in the blots, and the numbers next to the arrows indicate their lengths in kilobases. The methods used for preparation of cell DNA and plasmids, nick translation of the plasmids, and Southern blot analysis were described previously (19, 22) . (Fig. 1) , which extends between two EcoRI sites, are shown as a broken and a solid line. Nucleotide numbers are indicated above the strands; -1 is the first nucleotide to the left of the virus-cell DNA junction, -2 is the next nucleotide to the left, etc., in the orientation shown in Fig. 1 . The sequence of the flanking cell DNA preceding this fragment has also been determnined and will be presented elsewhere (Yarom et al., submitted). The two separate strands of the entire SCL7-6 fragment and the separate strands of the EcoRI-Kpnl segment of the fragment (Fig. 1) were cloned into M13 vectors (20) . A sequencing kit supplied by Amersham was used for sequencing these clones by the method of Sanger et al. (26) . The solid and broken arrows indicate the readings for the opposite strands in the various gels. The dots indicate the parts of the sequences which ran off the bottom of the gels.
would not be included in these autonomously replicating excision products and therefore would not be amplified. In this regard, it should be noted that, unlike the viral DNA, most of the amplified cellular sequences in MMC-treated LPT cells remain associated with selectively extracted highmolecular-weight chromosomal DNA (1) . Thus, the hypothetical excision products mentioned above would have to be large enough to remain in the large chromosomal DNA fraction. It should also be noted that recombinants composed of viral and cell DNAs have been recently isolated in our laboratory, and none of the crossover points in these recombinants was found to map at the Ter region. Instead, the crossover points map at four different sites in the flanking cell DNA, all of which are located between the left virus-cell DNA junction and the Ter region, and at four different sites in the virus DNA (R. Yarom, A. Lapidot, and H. Manor, submitted for publication). These results indicate that recombination events do not occur preferentially at the Ter region.
Another possibility, one that appears more likely, is that the Py DNA and the flanking cell DNA undergo multiple rounds of replication which are initiated at the viral origin and terminated at the Ter region (1). According to this view, the Ter region might include a terminus of a normal replicon or might include a site that functions as a termination site for replication only when several replication forks, rather than one, move toward it. It should be noted in this regard that the existence of sequence elements that function as termination sites for replication has been documented in bacterial chromosomes and plasmids (2, 5, 15, 17 rate-limiting step in chromatin replication indicate that arrest sites for replication exist in eucaryotic chromatin (9, 14, 16) . (3, 4, 12, 13, 25, 28) , particularly in rodents (H. Manor and R.G. Martin, submitted for publication), and have been found to be anomalously sensitive to single strand-specific endonucleases (11, 12, 23) . It has been proposed that these sequences may assume a new structure in which dA dT base pairs, having a Watson-Crick configuration, alternate with protonated Hoogsteen dG dC base pairs and that in this form they may become endonuclease sensitive (23) . No functional role has been assigned to such tracts. On the other hand, inverted repeats have been previously found to arrest in vitro DNA synthesis by the mammalian DNA polymerase a but not in vivo DNA replication (29) . We suggest that the d(G-A)27 d(T-C)27 tract found at the Ter region, in conjunction with the inverted repeat, may serve as an arrest site for chromatin replication in vivo.
